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A hospital-based case-control study among non-smoking womemwas conducted to clamfy risk factors in non-smoking 
females in Japan. Cases consisted of 144 non-smoking female lung cancer patients, and these were compared to 7T3 
non-smoking female controls. The odds ratio 195% confidence interval! for use of wood or straw as cooking fuels when 
subjects were 30 years old was estimated as T.77 (1.08 to 2.9D: For those wnose household members, other than hus¬ 
bands. had smoked, the odds ratio was estimated as 1.50 11.01 to 2.32). For those whose mothers had smoked, the 
Odds ratio was estimated as 1.28 <0.71 to 2.31), Use of heating appliances did not show an elevated risk. Some points to 
be noted mithe study of low-risk agents for lung cancer are discussed. 


In Japan, lung cancer was the second leading cause of 
cancerdeaths for males and femalds in 1967.' In males, 
although'smoking rates have been decreasing gradu¬ 
ally since the 1970s. 61% of males smoked in 1988, 
which is considerably higher than in other developed 
countries. Ih females, however, smoking rates have 
been quite constant' since the 1950s—only 13% of 
females smoked in 1988. which is low for a developed 
countrv As a result, population; attributable risks for 
lung cancer caused by smoking were estimated at 71% 
in males but only 26% in females.' 

In the standard mortality ratio (SMR) analysis of the 
geographical distribution of lung cancer risks, a higher 
SMR was observed in coastal urban areas than in 
inland rural areas for males, but for females no such 
tendency was observed.' This indicates that occupa¬ 
tional exposure and outdoor air pollution seem to have 
little influence as lung cancer risks for Japanese 
women. Therefore, it is necessary to investigate nsk 
factors for females which might be related to daily 
lifestyle. 

This study aims to clarify the risks of lung cancer 
caused by indoor air pollution among nonsmoking 
females by means of a hospital-based case-control 
study. 

This work is part of a joint project of the research 
group for lung cancer prevention in Osaka. The mem¬ 
bers are listed in Appendix I. 

Division oi Epidemiology. Department ofField Rtsearehi The Center 
for Adult Diseases. Osaka 1-3-3 Nakamich Higashinan-ku. Osaka 537 
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MATERIAL AND METHODS 
According to Osaka Cancer Registry. 2481 primary 
lung cancer < 1977 males and 504 females) patients were 
diagnosed in Osaka Prefecture in 1985 Of these about' 
one-quarter were registered from the top eight hospi¬ 
tals. which have special departments tor lung cancer. 
These eight hospitals participated in ai multi-centre, 
hospitahbased case-controli study with the support of 
the Osaka Anti-Lung Cancer Association: 

Both cases and controls were collected from those 
newly admitted to the eight hospitals from 1 January. 
1986 to 31 December 1988. and their ages ranged from 
40 to 79 years at the time of hospitalization. 

Of the above eight hospitals, all wards for lung 
cancer and one or two wards for other diseases were 
involved in this study. All newly-admitted patients, 
both males and females, in these wards were investi¬ 
gated bv a selLadministered questionnaire at the time 
of admission to the hospital. A uniform questionnaire 
was used in all hospitals, designed specifically for this 
study, which included questions about smoking habits, 
exposure to environmental tobacco smoke (ETS) and 
exposure to possible indoor air pollution. A total of 
1079 lung cancer patients and 1369 patients of other 
diseases were investigated for males, and 295 lung 
cancer patients and 1073 patients of other disease for 
females. Males were not included in this analysis. For 
females, there were 55 current smokers, 64 ex- 
smokers. 156 nonsmokers and 20 patients with 
unknown smoking status for lung cancer patients, and 
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a corresponding 122. 92 /jnd "<) tor patients of 
other diseases, respectively. Analysis was focused on 
156 nonsmoking female lung cancer patients as cases 
and female patients of other diseases as controls. 

No matchtng procedures vs ere conducted! between 
cases and controls' There were 1!2 cases,jnd28 controls 
excluded because ot missing iniorimation on exposure. 

As a result. Ida cases and "31 controls comprised the 
total for this study 

Adjusted odds ratios were calculated bv the Vlantel- 
Haenszel method" using lour levels of age categories ar 
admission and two levels ot‘ieducationi Li^eisttc recres- 
vion analysis was performed including the variables 
which showed significant increase ot risk in univariate 
analysis." 

RESULTS 

Alllcases were microscopically confirmed, and had the 
following distribution—adenocarcinoma <7S%). 
squamous cell carcinoma ($%):. small cell carcinoma 
i5%l. large cell carcinoma (5%). and other histoloei- 
cal types (4% ). Controls were diagnosed as having the 
following diseases: breast cancer (46%). stomach 
cancer (13%.). other cancers (16% ). benign neoplasms 
(S%K circulatory diseases (4%). respiratory diseases 
(5 %)l intectious disease (2%) and digestive diseases 

i n o . 

(- O ). 

Table l shows the distribution of age and! edu^ 
cational level! for cases and controls. The mean age at 
admission to hospitals was 60 for cases and 56 for con¬ 
trols. Higher education levels were observed for con¬ 
trols as compared!to those for cases. 

Table 2 shows adjusted odds ratios for lung cancer 
associated with use of wood or straw- as cooking fuels 
according to the age ate.xposure. Significantly elevated 
risks were observed for subjects 30 years of age who 
had used wood or straw as cooking fuels.,Use of these 
fuels at age 15. showed a slight increase or risk 
although it was not statistically significant. When the 
exposed were defined as those who used these fuels 

Table I 1 Distribution ot aze at admission and vears of education for 
casts and controls 

Characteristics Case Control 
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either at age 15 or age 50. the odds ratio was estimated 
as 1.28 with an <1 S7 confidence interval. 

In the calculation of the odds ratio, the use of heat¬ 
ing appliances—kerosene, gas, coal, charcoal I and 
wood stoves without'chimneys were regarded as poss¬ 
ible sources ot exposure w hich could pollute indoor air 
w ith combustion, products. Electric air conditioners, 
stoves with chimneys and electric stoves were not 
regarded as sources ot exposure. There were no risk 
elevations observed for exposure at nnv aee (Table 5). 
The charcoal foot warmer was populhrlv used until the 
hut is now rarelk used in Japan. Again, risk ele¬ 
vation was not observed tor exposure at anv aee (Table 

Odds ratios for lung cancer associated with ETS 
during childhood were shown by source of exposure 
(Table 5). A slight increase of risk was suggested! for 
those wuh smoking mothers, although statistical sig¬ 
nificance was not observed. 

As regards ETS in adulthood, an elevated risk was 
observed for those whose household members, other 
than husbandU had smoked (Table 6). Smokers among 
other household members consisted chiefly or the hus¬ 
band's father and sons. 

Table 7 show s the results of logistic regression analy¬ 
sis, including the three variables in the model, which 
were suggested to raise the risk of lung cancer inum- 
variate analysis. Use of wood or straw- as cookine fuels 
at age 30 show ed a risk 1.7 times higher, with statistical 
significance. The other two variables showed slightly 
increased! risks, but were not statistically significant. 
The results from the same analysis, when breast cancer 
patients (controls) were excluded, showed similar 
results. 

DISCUSSION 

From the results of this study, the use of wood or straw 
as cooking fuels was suggested as a possible risk factor 
for current female lUng cancer cases in Japan, despite 


Table 2 Odds ratios f or fun f cancer associated *tththeuseof *ood dr 
ura* as cookmq : fuels according to ate at exposure 
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equipment: polluting room Jir ~ith combustion products, according to 
use j rexposure 
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its being an old practice. These types of cooking fuels 
were widespread until the 1960s even in suburban 
areas, but now very few people use them even in rural 
areas. Of those who used wood or straw at 30 years of 
age. 90% had also used these cooking fuels at 15 years 
of age. This indicates that those exposed at age 30 must 
have been exposed for a longer duration. 

It is reported that use of cooking oil. especially rape- 
seed oil. increased the risk of lung cancer among 
Chinese women in Shanghai.- In the same report, how¬ 
ever. the use of cooking fuel including coal, gas and 
wood did not show an elevated risk of lung cancer. In 
Hong Kong, the use of kerosene oil as cooking fuel 
appeared to increase the risk of lung cancer among 
Chinese women although the effects of these factors 
seemed to be limited.' 1 It is also reported from Suv 
gapore that there was no difference of risk for lung 
cancer between those who used wood or charcoal and 
those who used petroleum or gas.’ However, all these 
reports provided information concerning Chinese 
wornem who practice different methods of cooking 
from Japanese women. Also, in these studies, the 
exposure from cooking fuels were defined as ever ver¬ 
sus never or were based on only recent status, and the 


Table 4 Odds ratios for lung cancer associated with the use of 
charcoal foot warmers for sleeping according to age at exposure 
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exposures variable may no.t:correctly reflect the status 
ofipasrexposure. In fact, w hen ever versus never anal¬ 
ysis was used, the use of woodOr straw as cooking fuels' 
did not'show a significant elbvanon.of rusk. 

In the present study, no one was found who uses 
wood or straw as cooking fuels at present', so this does 
not constitute a tactor for primary prevention in this 
country However, this showed that the env ironmental 
exposures occurring 20 years ago could affect the inci¬ 
dence ot lung cancer, which in turn means that some 
lifestyles'widespread ar present can be risk factors for 
lung cancer in the future although conventional epi¬ 
demiological studies cannot reveal these factors at 
present 

It has been reported that some compounds found in 
wood smoke—benzol a Ipyrene and formaldehvde— 
are possible human carcinogens.' It has been shown 
that'the aromatic fraction of wood smoke, w hich con¬ 
tains various polycyclic aromatic hydrocarbons ha* 
mutagenic activity. J Alsoi the polar fraction of organic 
extracts from emissions of wood combustion has been 
shown to have direct mutagenic activity. ,l It is reported 
that' natural inhalation exposure to* wood smoke 
increased the incidence of lung cancer in mice. 

The use of heating equipment for room air. including 
kerosene, gas. coal, charcoal and wood stoves without 
chimneys, did not show an elevated risk oflung cancer. 
Of these, charcoal and kerosene was most frequently 
used at age 15 and 30. respectively. Wood was used for 
heating fuel only for less than 5°o of the population. 
Therefore the risk due to wood stoves could not be eval¬ 
uated. It is reported!from Hong Kong that the use of 
kerosene stoves increased the risk in women. : In 
Japan^ no increase of risk was observed for the use of 
kerosene stoves. 1 v 

ETS from the mother during childhood seemed to 
raise the risk but did not show statistical significance. It 
has been established that ETS for children increases 
the occurrence of Ibwer respiratory' illnesses, particu- 


TabiE 5 Odds ratios for lung cancer associated with environmental 
tobacco smoke Junng childhood bv source of exposure 
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T*bie 6 Odds ratios for lung cancer associated wii/i em.ironmentai 
tobacco smoke in adulthood b\ source of exposure 
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larly early in life, and increases the frequency of 
chronic respiratory symptoms/*Its relation to lung 
cancer, however, has been less clear. It is reported that 
the odds ratio for lung cancer associated with exposure 
to a smoking mother for nonsmoking females was 1.7 
in the U.S/° and 4.0 in Japan. 1 " 

Concerning ETS in adulthood. ETS from the hus¬ 
band did not show an elevated risk in this study. In 
Japan, a 50-100% increased risk for lung cancer associ¬ 
ated with ETS from the husbands was reported 18 :y 
although some studies found no increase.' It is esti¬ 
mated from the meta-analysis dealing with two cohort 
studies and ten case-control studies that the increased 
risk of lung cancer by ETS from the husband would be 
30%. 11,1 In the present study. ETS from household 
members other than the husband showed an increased 
risk of lung cancer. This is consistent with a report from 
Japan that ETS from the husband's father elevated the 
risk of lung cancer 3.2 times. 1 

Some methodological problems should be con¬ 
sidered in this study. First, a substantial proportion of 
control consisted of cancer patients, especially breast 
cancer. Although use of cancer controls has various 
merits and dements. :1 it is obviously not appropriate to 
use controls from a single disease. When breast cancer 
was excluded from controls, the odds ratios for use of 
wood or straw as cooking fuels, ETS from the smoking 
mother, and ETS from household members other than 
the husband became 1.65. 162 and 1.47. respectively, 
which did not show substantial change. 

Second, smoking status of the study subjects was 
investigated by self-administered questionnaires and 
no validation was conducted by other objective means, 
such as testing for cotinine in urine or carbon monox¬ 
ide in expired breath. However, these methods cannot 
be applied to determine smoking status in the past only 
to recent smoking status. Further studies are needed in 
this area. 

Third, the exact duration of intensity of exposure 
could not be investigated for use of cooking fuels and 
ETS from various sources of exposure. However. 


detailed information obtained from: individual 
memory* may not be reliable enough to conduct dose- 
response analysis." :y 

Fourthi no systematic review for histopathological 
diagnosis was earned out. but routine patholoev 
reports were used. However, since all' pathologists 
involved inithe eight hospitals were specialists in Ibng 
cancer and had worked at least five years in this area, 
validity of these reports were thought to be quite high 
as far as the determination as to whether it'was malig¬ 
nant or bemgm The analysis in this study was not con¬ 
ducted by dividing lung cancer into histological types, 
and it is believed the effects of this on the results wouid 
be minimal. 

There are some epidemiological points to be dis¬ 
cussed in the study of lOw-nsk agents. First, subjects 
were limited to low-risk individuals for lung cancer, 
which in this study were Japanese females who had 
never smoked. It is generally thought that focusing on 
low-risk individuals can strengthen the association 
between the disease and exposure.' 1 making it easier to 
find possible associations, except when positive inter¬ 
actions exist. 

Secondly, when we categorize the study subjects into 
exposed and non^exposedi it is important to pay atten¬ 
tion to the timing between exposure and ! disease. 
According to the mechanisms of carcinogenesis, this 
appropriate time difference will vary. For example, if 
the agent in question acts mainly in the early stages of 
carcinogenesis, there should be a longer latency time 
between exposure and disease, but if the agent acts 
mainly in the later stages, the lag time between expo¬ 
sure and disease will be short. In this study, exposures 
were defined according to the patient’s age. and were 
able to reveal the association between cooking fuel and 
lung cancer. However, if we use ordinary classifi¬ 
cations. such as never-user versus ever-user. or present 
use. the association would not be seen. 

Thirdly, even if we can use the appropriate classify 
cation of exposure, considering its timing in the occur¬ 
rence of the disease, it is important that the population 
has the appropriate diversity in terms of exposure 
classification. In other words, there should be some 
proportion of people who will be classified as non- 


Ta»le 7 Odds ratios estimated by logistic regression analysis. 
Adtusted for age at hospitalization. 
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exposed together with people who w ill be classified as 
exposed. This is not always the case in the situation ot 
cooking or heating practices, tor which most people 
^hare ji common tradition.. Iln Jtipan. there have been 
drastic changes in lifestyle since World War H 1 Sanitarv 
conditions in most houses were not very good! in the 
but have dramatically improved in the l^8l)s. 
and this can be regarded as an appropriate non* 
exposed situation. Mixed practices in cooking and 
heating were prevalent during this transitional period 
between the 195<H and 11980s.. which provides a good 
opportunity to identify a low-risk agent for lung cancer 
associated With daily lifestyle. 
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